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REMARKS/ARGUMENTS 

Claims 1-26 are pending in this application. By this Amendment, Applicant 
AMENDS claim 1-4, 8, 9, 11, 14-17, 21, 22, and 24 and the Specification. 

Applicant has made minor clarifying amendments to claims 1-4, 8, 9, 11, 14-17, 
21,22, and 24. 

Applicant has enclos^"herewitlT~^ and a marked-Tip 

Specification showing the changes that were made. Applicant has made only minor 
grammatical corrections to the specification. No new matter has been added. 
Accordingly, Applicant respectfully requests that the originally filed Specification be 
replaced with the substitute Specification filed herewith. 

The drawings were objected to for failing to designate Figs. 1-5B as -Prior Art--. 
Applicant has amended Figs. 1-5B in the accompanying replacement drawing sheets to 
properly be designated as --Prior Art-. Accordingly, Applicant respectfully requests 
reconsideration and withdrawal of the objection to the drawings. 

Claims 1-9, 12-22, 25, and 26 were rejected under 35 U.S.C. §102(e) as being 
anticipated by Masuda (U.S. 5,982,272). Claims 10, 11, 23, and 24 were rejected under 
35 U.S.C. §1 03(a) as being unpatentable over Masuda in view of Applicant's admitted 
Prior Art (AAPA) Figs. 2 and 4. Applicant respectfully traverses the rejection of claims 
1-26. 

Claim 1 has been amended to recite: 

"A variable resistor comprising: 
a case; 

a rotor rotatably mounted in said case, said rotor being arranged to 
be rotationally operated from outside of the case; 

a substrate provided in said case, said substrate having a collector 
electrode disposed at an approximately central portion of the surface of 
the substrate and having an arcuate resistor disposed on the surface of 
the substrate around said collector electrode so as to be substantially 
concentric therewith; 

a slider mounted on said rotor so as to be rotatable together with 
said rotor; 
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said slider including: 

a base portion with a rear surface being supported by said 

rotor; 

an annular arm portion having a bent up portion bent along a 
bending line corresponding to a diameter of the annular arm portion 
and arranged to make sliding contact with said arcuate resistor of 
said substrate; 

a-substantially Ushaped-arm portion-loeated-inside-of-the 

annular arm portion, extending in a direction that is substantially 
perpendicular to the bending line, and arranged to make contact 
with said collector electrode; and 

a folded back portion coupling one end of the base 
portion with the annular arm portion and the substantially I- 
shaped arm portion." (emphasis added) 

Applicant's claim 1 recites the features of "a folded back portion coupling one end 
of the base portion with the annular arm portion and the substantially l-shaped arm 
portion." Applicant's claim 14 recites similar features as claim 1. With the improved 
features of claims 1 and 14, Applicant has been able to provide a variable resistor with a 
low profile and a stable contact between the slider and the substrate (see, for example, 
the last full paragraph on page 4 and the first paragraph on page 7 of the Specification). 

Applicant agrees with the Examiner that Masuda et al. shows a variable resistor. 
However, Masuda clearly fails to teach or suggest the feature of "a folded back portion 
coupling one end of the base portion with the annular arm portion and the substantially 
l-shaped arm portion" as recited in Applicant's claims 1 and 14. 

Masuda clearly teaches that the annular arm portion 42 is connected to the body 
portion 41 via one folded back portion disposed at one end of the body portion and 
that the substantially l-shaped portion 43 is connected to the body portion 41 via 
another folded back portions disposed at the opposite end of the body portion 41 , 
NOT that the annular arm portion and the substantially l-shaped portion are connected 
to the body portion by a folded back portion at one end of the base portion as recited 
in Applicant's claims 1 and 14. 

Since the present claimed invention requires that the annular arm portion and the 
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substantially l-shaped are connected to the same end portion of the body portion via 
the folded back portion, and Masuda clearly teaches that the annular arm portion and 
the substantially l-shaped portion are connected to two different ends of the main body 
portion via two different folded back portions , Masuda clearly fails to teach or 
suggest each and every feature recited in the present claimed invention, including "a 
— folded'ba'ck'pcFti^^upiing one end~6ftfteTbase portion withTthe annular arm portion 
and the substantially l-shaped arm portion." 

Accordingly, Applicant respectfully requests reconsideration and withdrawal of 
the rejection of claims 1 and 14 under 35 U.S.C. §1 02(e) as being anticipated by 
Masuda. 

Further, Masuda teaches that tl [t]he arm lengths (the distance from a folded-bent 
end to the contact point portion) of the first arm 42 and the second arm 43 of the slider 4 
are substantially equivalent to each to each other, and accordingly, the spring 
performance of both arms 42 and 43 are set substantially equal to each other" in order 
reduce "an inclination of a rotor load" (see lines 5-7 of column 2 and lines 10-14 of 
column 7). That is, the first 42 and second 43 arms must be on opposite sides in order 
that they have substantially equal arm lengths. Masuda clearly teaches away from the 
feature of "a folded back portion coupling one end of the base portion with the annular 
arm portion and the substantially l-shaped arm portion" as recited in Applicant's claims 
1 and 14. Because Masuda teaches away from Applicant's claimed invention, Masuda 
cannot be relied upon in an obviousness rejection. The Examiner is reminded that it is 
an error to find obviousness where references diverge and teach away from the 
invention at hand. W.L Gore & Assoc. v. Garlock Inc., 721 F .2d 1540, 1550, 220 
USPQ 303, 311 (Fed. Cir. 1983). 

The Examiner has relied upon AAPA to cure various deficiencies of Masuda. 
However, AAPA clearly fails to teach or suggest the feature of "a folded back portion 
coupling one end of the base portion with the annular arm portion and the substantially 
l-shaped arm portion" as recited in Applicant's claims 1 and 14. 
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Accordingly, Applicant respectfully submits that Masuda and AAPA, applied 
alone or in combination, fail to teach or suggest the unique combination and 
arrangement of elements recited in claims 1 and 14 of the present application. Claims 
2-13 depend upon claim 1 , and are therefore allowable for at least the reasons that 
claim 1 is allowable. Claims 15-26 depend upon claim 14, and are therefore allowable 
foratlea^Hften-eas^ns'th^ra 

In view of the foregoing amendments and remarks, Applicant respectfully submits 
that this application is in condition for allowance. Favorable consideration and prompt 
allowance are solicited. 

To the extent necessary, Applicants petition the Commissioner for a THREE- 
month extension of time, extending to June 30, 2003, the period for response to the 
Office Action dated December 31 , 2002. 

The Commissioner is authorized to charge any shortage in fees due in 
connection with the filing of this paper, including extension of time fees, to Deposit 
Account No. 50-1353. 
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Marked-up Version 



Attorney Docket No. 36856.394 



VARIABLE RESISTOR 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a variable resistor used 
in induo trial equipment devices such as a hearing aid, a measuring 
instrument, communications equipment, a sensor, or other such 
electronic apparatus, and in particular, the present invention 
relates to a miniaturized variable resistor. 

2. Description of the Related Art 

In recent years, reduction in the size and the weight of 
electronic equipment has been rcquircd desired , and the reduction 
in the size and the weight of the circuit components provided 
within such electronic equipment arc also required to be small - 
sized componcnto has also been desired . For a variable resistor 
which is used in a circuit, — &An ultra-miniature variable resistor 
having a diameter or side length of about 2 mm has been used as a 
circuit component . A variable resistor requires a slider which 
is a spring component. However, the miniaturization of the 



- 2 - 

slider makes it difficult to achieve good electrical contact and 
sliding characteristics . 

■iflr- Figs . 1 and 2— show a conventional ultra-miniature 
variable resistor having a structure in which a shaft 2, a rotor 
3, a slider 4, and a substrate 5 are provided in a case 1— and 
which "ie^are "sealed by filling a sealing resin 6 such as epoxy 
resin in the bottom opening of the case 1-, — is shown . Here, — ILead 
terminals 71, 12, and 73 are fixed on the substrate 5. The lead 
terminals are electrically connected to both sides of an arcuate 
resistor 51 and a collector electrode 52, respectively. 

As shown in Fig. 3, the slider 4 is defined by a thin 
metallic plate having a annular arm portion 41 making sliding 
contact with the arcuate resistor 51 of the substrate 5— and an 
I-shaped arm portion 42 arranged to contact the collector 
electrode 52 of the substrate 5. The annular arm portion 41 is 
bent up at the portion corresponding to the diameter, and the I- 
shaped arm portion 42 extends in a direction that is 
substantially perpendicular to the bent-up line of the annular 
arm portion 41— and is located inside of the annular arm portion 
41. In the left side view of Fig. 3, the solid line designates 
the slider state under a load, and the two-dot chain line 
designates the slider statc without a load. In the slider 4, a 
pair of through holes 44 for fitting t^e— the protrusions 31 (see 
Fig. 4) of the rotor 3 are provided at bilaterally symmetrical 
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positions around the I-shaped arm portion 42. The slider 4 is 
mounted on the rotor 3 so as to be rotatable together with the 
rotor 3, by fitting the protrusions into the through holes 44— 
and then crushing the protrusions 31 by weld-caulking. 

As shown in Figs. 5 A and 5B 7 — in the variable resistor 
having HThc above - described features, when the substrate is 
mounted in the variable resistor, both of the annular arm portion 

41 and the I-shaped arm portion 42 are subjected to a load. As a 
result, a moment M in the backward-tilting direction of the 
slider 4 occurs with respect to the slider 4 — around about the 
bending-up line 43 root of the bent up portion of the annular arm 
portion 4 1, — as a fulcrum (see Fig. 5B) . The distance between the 
the protrusions 31 and the bending-up line 43 define the fulcrum 
about which the moment M acts. Once a backward-tilting of the 
slider 4 occurs, a problem arises that the contact between the 
resistor 51 and the annular arm portion 41— and the contact 
between the collector electrode 52 and the I-shaped arm portion 

42 become unstable, resulting in a reduction in the reliability_ 
of the variable resistor . 

In order to prevent the slider 4 from backwardly tilting, 
the protrusions 31 of the rotor 3 are weld-caulked. However, 
since because the two protrusions 31 to be wo Id - caul Iced are 
arranged in the vicinity of the bending-up line 43 of the annular 
arm portion 4 1 , the distance between the protrusions 31 and the 
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bending-up line 43 defining the fulcrum is smallT — so that . 
Because the distance defining the fulcrum is small, the backward- 
tilting of the slider 4 cannot be effectively prevented. 
Furthermore, in the case of very small components, protrusions 31 
having a sufficient size cannot be formed on the rotor 3, and 
also the welding weld-caulking work of the protusions 31 is very 
difficult. For example, when the diameter of the slider 4 is 1.5 
mm, the diameter of the protrusions needs to be about CT. 2 m m to 
effectively prevent the backward-tilting of the slider 4 . The 
process of welding such e— small protrusions 31 is thus very 
difficult, and a desired fixing strength cannot be reliably 
achieved even though welding is executed. 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, the 
preferred embodiments of the present invention provide a variable 
resistor arranged to effectively and reliably prevent a slider 
from backwardly tilting toward a rotor, and thereby maintaining a 
stable contact between the slider and a substrate. 

According to one of the preferred embodiments of the 
present invention, a variable resistor includes a case, a rotor 
rotatably accommodated in the case, the rotor being rotationally 
operated from the outside of the case, a substrate located in the 
case, the substrate having a collector electrode at an 
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approximate central portion of the surface thereof, and having an 
arcuate resistor disposed out aide of around the collector 
electrode so as to be substantially concentric therewith, a 
slider mounted on the rotor so as to be rotatable together with 
the rotor- j_ jfe-The slider having an annular arm portion arranged 
to achieve sliding contact with the arcuate resistor on the 
substrate, and having a substantially I-shaped arm portion 
arranged to contact the collector electrode, and a base portion 
that is integral with the slider—. tThe base portion being 
coupled at one end thereof with the annular arm portion and the 
substantially I-shaped arm portion by a folded_— back structureT — 
eftd^ The base portion extending extends up to the vicinity of 
the position corresponding to the tip portion of the annular arm 
portion—^ _t-The rear surface of the base portion being is 
supported by the rotor. In this variable resistor, the annular 
arm portion is bent up at the portion corresponding to the 
diameter or at the portion in the vicinity thcrcof of the diameter 
The substantially I-shaped arm portion extends in a direction 
that is substantially perpendicular to the bent-up line of the 
annular arm portion— and is located inside of the annular arm 
portion . 

The annular arm portion of the slider rotates and makes 
sliding contact with the arcuate resistor of the substrate around 
tThe substantially I-shaped arm portion making m akes contact with 
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the collector electrode of the substrateT — as a fulcrum . In ouch 
an operational state in which When both e-f— the annular arm portion 
and the substantially I-shaped arm portion are under a load, a 
moment about the bent-up line of the annular arm portion and in 
the backward-tilting direction acts on the slider around the root 
of the bent up portion of tho annular arm portion, — as a fulcrum . 
In the slider in accordance with a preferred embodiment of the 
present invention 7 — however , a base portion is integral with the 
slider 7 — a**eL_ jbThe base portion is coupled with the annular arm 
portion and the substantially I-shaped arm portion by the a 
folded_— back structureT — af*eL_ jfc-The base portion extends up to the 
vicinity of the position corresponding to the tip portion of the 
annular arm portion. With this configuration, the base portion 
supports the moment in the backward-tilting direction— and can 
surely prevent^ the slider from backwardly tilting. This 
stabilizes the contact between the resistor and the annular arm 
portion— and that the contact between the collector electrode and 
the substantially I-shaped arm portion, which leads to an 
improvement in the reliability of the variable resistor . 

Preferably, the annular arm portion, the substantially I- 
shaped arm portion, and the base portion are coupled such that 
the base portion is folded back, and the annular arm portion, the 
substantially I-shaped arm portion, and the base portion are 
closely contacted by the folded-back structure. Thereby, the 
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height dimension of the slider can be made smaller than the uguqI 
U - shaped folded - back structures of the prior art. This allows 
variable resistors of the preferred embodiments of the present 
invention to be more low - prof ile have lower profiles . 

It is preferable that the substantially I-shaped arm 



portion is raised without folding the substantially I-shaped arm 
portion . This is accomplished by folding bending a portion of 
the folded-back portion between the annular arm portion and the 
base portion in the direction opposite to the bending-up 
direction of the annular arm portion. In the slider having a 
conventional structure, since because the substantially I-shaped 
arm portion is folded bent and raised, work-hardening occurs in 

the folded bent portion under the influence of bending work— J 

The work-hardening of the bent portion with the results that in 
the elastic region in the substantially I-shaped arm portion_ 
becoming samller .— jtThat is, the effective spring length Li 
thereof of the substantially I-shaped arm portion (see Fig. 5A) 
becomes smaller. This creates a causes the problem that the 
contact pressure between the substantially I-shaped arm portion 
and the collector electrode becomes greater than is needed. On 
the other hand, in the above-described construction in accordance 
with a preferred embodiment of the present invention, since the 
work-hardening due to bending work is prevented because the 
substantially I-shaped arm portion is substantially linear, and 
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the raising of the root portion of the substantially I-shaped arm 
portion by folding is not done 7 — work - hardening due to bending 
work doco not occur f J _ and the stress with respect to the load 
disperses throughout the substantially I-shaped arm portion. 
This allows results in the substantially I-shaped arm portion 
having a wider elastic region to be available . That is, it is 
possible to make the effective spring length longer— and to set 
the contact pressure between the substantially I-shaped arm 
portion and the collector electrode to an appropriate value. 

Preferably, a pair of through holes for fitting : te— the 
protrusions of the rotor are provided on the opposite surfaces of 
in the annular arm portion and the base portion in the vicinity 
of the folded_— back structurc portion — and substantially at 
bilaterally symmetrical positions around the substantially IE- 
shaped arm portion. Specifically, the through holes are 
preferably arranged at common positions relative to the annular 
arm portion and the base portionT — af*eL_ jfcThe insertion of the 
protrusions of the rotor into the through holes of the slider 
prevents the slider from slipping with respect to the rotor, when 
the rotor is rotated. In this case, — sincc Because the slider is 
prevented from backwardly tilting, there is no need to fix the 
protrusions by weld-caulking. Also, since the load applied on 
the protrusions is small, — even such thin protrusions do not cause 
any problem because the load applied on the protrusions is small . 
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The above-described variable resistor in accordance with a 
preferred embodiment of the present invention may be applied to 
hearing aids. In hearing aids, variable resistors are used for 
sensibility adjustment or other adjustment. In accordance with 
the desire to miniaturization miniaturize ej— hearing aids, 
miniature size variable resistors have been required. Use of a 
variable resistor of miniature size and having stable 
characteristics allows the reliability of a hearing aid to be 
greatly improved. 

In the present invention, the method for attaching the 
slider and rotor is not limited to the conventional method in 
which the protrusions are weld-caulked. This is because the 
slider would not 'slip with respect to the rotor by virtuc because 
of the spring forces of the arm portions if only the rotation of 
the base portion with reopect to the rotor io stopped . 

The above and other characteristics, elements, features^ 
and advantages of the present invention will be apparent from the 
following detailed description of preferred embodiments of the 
invention in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view showing a conventional 
variable resistor . 

Fig. 2 is an exploded perspective view showing the variable 
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resistor shown in Fig. 1. 

Fig. 3 illustrates a left-side view, a front view, and a 
cross -sectional view taken along the line A- A in the front view, 
each showing the slider included in the variable resistor in Fig . 

1 • 

Fig. 4 is a perspective view showing the slider and rotor 
used in the variable resistor shown in Fig. 1, as viewed from the 
rear side. 

Figs. 5A and 5B are partially sectional views illustrating 
the variable resistor before and after the substrate is built in 
the variable resistor shown in Fig. 1, respectively. 

Fig. 6 is a cross-sectional view illustrating an example of 
a variable resistor in accordance with a preferred embodiment of 
the present invention. 

Fig. 7 is an exploded perspective view illustrating the 
variable resistor shown in Fig. 6. 

Fig. 8 illustrates a left side view, a front view, a cross- 
sectional view taken along the line B-B in the front view, and a 
rear elevation each showing the slider used in the variable 
resistor in Fig . 6 . 

Fig. 9 is a front development view illustrating the slider 
shown in Fig . 8 . 

Fig. 10 is a perspective view illustrating the slider and 
rotor used in the variable resistor shown in Fig. 6, as viewed 
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from the rear side. 

Figs. 11A and 11B are partially sectional views 
illustrating the variable resistor before and after the substrate 
is built in the variable resistor shown in Fig. 6, respectively. 



DE T ATL~E D — DE'S'C R I'PT'I'ONnDT^PRE^ElRRED - EMB^TMENTS 

Figs . 6 through 11 illustrate an example of a variable 
resistor in accordance with a preferred embodiment of the present 
invention. This example of a variable resistor is used for, for 
example, a hearing aid. 

Since Because this variable resistor has the same structure 
as the variable resistor shown in Figs. 1 through 5, except for 
the slider 8, the same elements and parts as shown in Figs. 1 
through 5 are identified by the same reference numerals in Figs. 
6 through 11 to avoid repetitive description. 

A case 1 is molded in one piece so as to have a 
substantially cylindrical shape using a heat-resistant 
thermoplastic resin or thermosetting resin, in order to resist 
the heating generated by soldering and to allow a stable 
operation in a high-temperature atmosphere. 

A substantially circular opening 11 is provided in the top 
surface of the case 1, and a stopper portion 12 is arranged to 
protrude from the inner peripheral surface thereof. A stopper 
portion 21 for a shaft 2 is inserted into the opening 11, and the 
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rotational angle of the shaft 2 is regulated by abutting the 
stopper portion 21 of the shaft against the stopper portion 12 of 
the case. The shaft 2 is also preferably made of the same 
material as the case 1, but may alternatively be formed of a 
metal . On the top end surface of the shaft 2 , a tool engaging 
groove 22 is arranged to extend in the adiametric direction . A 
thin shaft portion 23 is arranged to protrude from the bottom end 
surface of the shaft 2. A substantially cylindrical internal 
space 13 accommodating the rotor 3, the slider 8, and the 
substrate 5 is provided in the lower portion of the case 1 . The 
substrate 5 is fitted to the lower-end opening portion 14 of the 
case 1. The substrate 5 is prevented from slipping off the 
lower- end opening portion 14 by inwardly thermal -caul king the end 
portion of this opening portion. A sealing resin is filled into 
the recess defined by the lower-end opening portion 14 and the 
substrate 5 and is arranged to seal the recess . 

The rotor 3 is also molded in one piece into a disk shape, 
using the same material as the case 1 , and a hole 32 to be fitted 
into the shaft portion 23 of the shaft 2 is provided at the 
approximate center of the rotor. The shaft 2 and the rotor 3 are 
integrated, by inserting the shaft portion 23 of the shaft 2 into 
the hole 32, and thermal-caulking the tip thereof. As— Instead of 
using of the method in which the tip of the shaft portion 23 is 
thermal -caulked, coupling member for the shaft 2 and rotor 3 , — fe^ 



- 13 - 

example , a claw portion^ for preventing the shaft portion 23 from 
slipping off, may be provided at the tip of the shaft portion 23_ 
as a coupling member of the shaft 2 and rotor 3 7 — in place of the 
method in which the tip of the shaft portion 23 io thermal - 
caulked . Two protrusions 31 are provided on the bottom surface 
of the rotor 3 for preventing the slipping rotation of the slider 
8 with respect to the rotor 3. 

The substrate 5 defines a disk to be fitted into the lower- 
end opening 14 of the case 1— and is molded integrally using the 
same material as the case 1. A through hole is provided at the 
approximate center of the surface of the substrate 5—^ and _/tThe 
upper end of the lead terminal 73 is fitted into the 
approximately central through hole and is exposed on the surface 
of the substrate 5— . The upper end of the lead terminal 73 
constituting constitutes a collector electrode 52. An arcuate 
resistor 51 around the collector electrode 52 is provided on the 
surface of the substrate 5 around the collector electrode 52 . 
Through holes are also provided in both ends of this the resistor 
51^— and jte-The lead terminals 71 and 72 are inserted into these 
through holes and are connected to both ends of the resistor 51. 
Meanwhile, — Figs. 6 and 7 show an example of a lead terminal type 
variable resistor in which the lead terminals 7 1 through -73 are 
inserted into the through holes in the substrate 5, but the type 
of variable resistor is not particularly limited to this type . 
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The variable resistor in accordance with various preferred 
embodiments of the present invention may be constructed as a 
surface-mount type^_ omitting the lead terminals 71-73. 

The slider 8 is preferably made of a conductive thin 
metallic plate formed of a copper alloy, stainless steel, a_ 
precious metal based alloy, or other suitable material having 
good spring propert yies . — and The slider 8 is subjected to 
surface processing using a precious metal or other suitable 
material, as appropriate. As shown in Fig. 8, in the slider 8, 
an annular arm portion 81, an- substantially I-shaped arm portion 
82, and a base portion 83 are stamped out from one metallic plate— 
which arc connected together . The annular arm portion 81, 
substantially I-shaped arm portion 82, and base portion 83 are 
folded back in a closely contacted state at the coupling portion 
84 defining a boundary . The annular arm portion 81 is bent up 
along the bending-up line 85 in the a diametric direction, and a 
sliding contact 8 la_^ for making sliding contact with the arcuate 
resistor 51 of the substrate 5, is arranged to protrude from the 
tip portion of the annular arm portion 81. The substantially I- 
shaped arm portion 82 extends in a direction that is 
substantially perpendicular to the bending-up line 85 of the 
annular arm portion 81—^ and The substantially I-shaped arm 
portion 82 is a linear arm located inside the annular arm portion 
81. A contact member 82a arranged to contact the collector 
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electrode 52 is arranged to protrude from the tip of the 
substantially I-shaped arm portion 82. 

The base portion 83 is constructed as a disk having 
substantially the same diameter as the annular arm portion 81. 
The base portion 83 extends up to the vicinity of the position 
corresponding to the tip portion of the annular arm portion 81 
where the sliding contact member 81a is provided. The rear 
surface of the base portion 83 is supported on— by the surface of 
the rotor 3. A fold-back portion 86j_ near the coupling portion 
84 where the base portion and the annular and I-shaped arm 
portions are folded and closely contacted, is folded in the 
direction opposite to the bending-up direction of the annular arm 
portion 81^— and _tThe substantially I-shaped arm portion 82 is 
not folded, but is raised. That is, the substantially I-shaped 
arm portion 82 extends linearly from the folded-back point at the 
coupling portion 84. Corresponding to this fold_— back portion 86, 
an inclined surface 33 (see Fig. 10) is defined on the bottom 
surface of the rotor 3. A pair of through holes 87 and 88 for 
fitting to— the protrusions 31 of the rotor 3 are provided on the 
closely contacted surfaces of the annular arm portion 81 and the 
base portion 83t — at the area except the bending - up lino 85 . The 
through holes 87 and 88 are arranged substantially at bilaterally 
symmetrical positions around the substantially I-shaped arm 
portion 82. After the protrusions 31 have been inserted into the 
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through holes 87 and 88, they are not required to be weld-caulked. 

As described above, oincc because the substantially I- 
shaped arm portion 82 extends linearly from the folded-back point 
at the coupling portion 84, the elastic region of the 
substantially I-shaped arm portion 82 becomes longer as shown in 
Fig. llj_— _tThat is, the effective spring length L 2 thereof of 
the substantially I-shaped arm portion 82 becomes larger. This 
allows the contact pressure between the substantially I-shaped 
arm portion 82 and the collector electrode 52 to be set to an 
appropriate value . 

Here, the effective spring length of the annular arm 
portion 81 is the distance from the bending-up line 85 to the 
sliding contact 81a. 

In this preferred embodiment of the present invention, 
oincc because the effective spring length of the annular arm 
portion 81 and that of the substantially I-shaped arm portion 82 
of the slider 8 are substantially the same, the spring elasticity 
of the two arm portions 81 and 82 are also preferably 
substantially the same. 

As shown in Fig. 11, when the substrate 5 is assembled into 
the case 1, oincc because both of the annular arm portion 81 and 
the substantially I-shaped arm portion 82 are subjected to a load, 
a moment in the backward-tilting direction occurs with respect to 
the slider 8 around about the bending-up line 85 of the annular 
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arm portion 8I7 — as a fulcrum (see Fig. 8B) . However, oincc 
because the slider 8 is integral with the base portion 83— and 
the rear surface of this-e base portion 83 is supported by the 
rotor 3, it is possible to stably support the slider 8 with 
respect to the moment M— and to reliably prevent the slider 8 
from backwardly tilting. This arrangement stabilizes the contact 
between the resistor 51 and the annular arm portion 81— and that 
the contact between the collector electrode 52 and the 
substantially I-shaped arm portion 82, which greatly improves 
reliability. 

The protrusions 31, which are fitted in the through holes 
87 and 88, have no need to prevent the slider 8 from backwardly 
tilting, but have only to prevent the slipping rotation of the 
slider 8 with respect to the rotor 3. The protrusions 31, 
therefore, are not required to be weld-caulked. Also, oincc 
because the protrusions 31 are subjected to only a small load, 
they can prevent a damage of the slider even if the protrusions 
31 are small . 

The present invention is not limited to the above-described 
preferred embodiments. The shape of the base portion 83 is not 
limited to a disk shape. Alternatively, any shape, such as an 
annular shape, a cross shape, or other shapes may be used. 
Corresponding to this, an engaging portion for stopping the 
rotation of the base portion 83 may also be provided on the 
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bottom surface of the rotor 3. Any shape may be used which meets 
the condition^ that the base portion 83 is supported by the rotor 
3 over a wide region in the longitudinal direction of the annular 
arm portion 81— and which that can support a moment M in the 
backward-tilting direction applied to the slider 87 — may be used . 

Also, although the annular arm portion 81, the 
substantially I-shaped arm portion 82, and the base portion 83 
are folded back in a closely contacted state, they may be folded 
back without being closely contacted. 

Furthermore, the outer shape of the case 1 is not limited 
to a substantially cylindrical shape, but it may be a square 
cylindrical shape or other shape. In this case, it is preferable 
that the outer shape of the substrate 5 be not a disk-like shape, 
but have a square-plate shape. 

In the present invention, the shape of the annular arm 
portion of the slider is not limited to an annular shape in the 
- strict ' sense . The term "annular shape'' used herein is a concept 
including similar shapes. It is possible that the shape of the 
annular arm portion of the slider constitutes a closed loop. 
Also, the shape of the substantially I-shaped arm portion is not 
limited to an I-shaped configuration , in the strict sense, but has 
only to be substantially linear. 

Ao io evident from the above description, — in accordance 
with preferred embodiments of the present invention, — in the state 
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in which When the annular arm portion and the substantially I- 
shaped arm portion are in pressure contact with the substrate, a 
moment in the backward-tilting direction acts on the slider 
around the root of the bent up portion of the annular arm portion- 
as a f ulcrum, ^ _ but in the slider, — since Because a— the base 
portion which is coupled with the annular arm portion and the 
substantially I-shaped arm portion by a folded-back structure io 
integral with the slider , and because the base portion extends up 
to the vicinity of the position corresponding to the tip portion 
of the annular arm portion, as well as and because the rear 
surface of the base portion is supported by the rotor, the base 
portion supports the moment in the backward-tilting direction— 
and can surely prevents the slider from backwardly tilting. This 
arrangement stabilizes the contact between the resistor and the 
annular arm portion— and that re contact between the collector 
electrode and the substantially I-shaped arm portion, which leads 
to greatly improved reliability. 

Moreover, in accordance with various preferred embodiments 
of the present invention, since because the slider does not 
necessarily need to be fixed with respect to the rotor by weld- 
caulking, unlike the conventional art, and only the rotation of 
the slider with respect to the rotor needs to be stopped by any 
engaging structure, it is possible to simplify the assembling 
work. 
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While the present invention has been described with 
reference to the preferred embodiments thereof, many 
modifications may be applied in the light of the above teachings. 
It is therefore to be understood that within the scope of the 
appended claims, the invention may be practiced other wise than as 
specifically described . 



Marked-up Version 



ABSTRACT OF THE DISCLOSURE 

A variable resistor is constructed to prevent a slider from 
backwardly tilting toward a rotor— and to thereby maintain 
stable contact between the slider and a substrate. In the 
variable resistor, a rotor and a slider are provided in a case-^ 
and a A substrate having a collector electrode and an arcuate 
resistor on the surface thereof is mounted in the lower end 
portion of the case. In t The slider 7 — an integral unit includes 
an annular arm portion arranged to achieve sliding contact with 
the arcuate resistor on the substrate , a substantially I-shaped 
arm portion arranged to contact the collector electrode, and a 
base portion coupled with the annular arm portion and the 
substantially I-shaped arm portion defined by a folded-back 
structure— ^ and _feThe base portion ex tendings up to the vicinity 
of the position corresponding to the tip portion of the annular 
arm portion. The rear surface of the base portion is supported 
by the rotor such that the slider is prevented from backwardly 
tilting . 



